Introduction: Albumin-bilirubin (ALBI) is a newly devised scoring system for prognostication of liver cirrhosis. The ALBI has recently been validated and found superior to Child-Turcotte-Pugh score (CTP) and Model for End stage Liver Disease (MELD) in assessing severity of liver disease.
Introduction
Cirrhosis is an end-stage liver disease, characterized by eventual liver scarring by various chronic liver diseases progressing slowly over years to decades. Autopsy-based studied have reported global prevalence of 4.5% to 9.5% for cirrhosis among the general population [1] [2] [3] . Cirrhosis of the liver was ranked 14 th and 10 th as a cause of mortality worldwide and in developed countries, respectively, in 2001 [4] . It has been estimated that cirrhosis-related mortality will further escalate to rank 12 th as a cause of mortality worldwide by 2020 [5] . Pakistan occupies a huge burden of advanced stage of liver cirrhosis, where cirrhosis-related mortality/deaths (95% uncertainty interval) increased from 10,324 (6, 651 ) to 31,373 (16, 028 ) from 1980 to 2010 [6] . Pakistan has a 21.7% to 27.5% age-standardized mortality rate (per 100,000) and a change in frequency for both genders from 1980 to 2010 [6] . A comprehensive treatment strategy for cirrhosis of the liver demands exact prognostication of disease, which would help to strengthen effective treatment modalities, even liver transplantation as a final rescue.
Various score systems, such as the Child-Turcotte score, Model for End stage Liver Disease (MELD), and Child-Turcotte-Pugh score (CTP), for assessment of prognosis among cirrhotic patients are being used in clinical settings. However, these scoring systems have several shortcomings that limit their prognostic implications. Although CTP scoring is easily applicable at bedside, its subjective nature for interpretation of ascites and encephalopathy and equal point allotment of all variables Gastroenterology Review 2019; 14 (4) make its results highly variable. Another drawback of CTP scoring is the non-specific nature of albumin and bilirubin as severe sepsis and large volume ascites affect albumin level as well as bilirubin, which also becomes increased in sepsis, haemolysis and impaired renal function [7, 8] . Likely, ambiguous reference ranges for grading cirrhosis and its complications, such as ascites, bleeding, spontaneous bacterial peritonitis (SBP), and hepato-pulmonary syndrome, restricts the predictive accuracy of the MELD score. This prompts a need for evaluating other potential biomarkers to strengthen prognostication of cirrhosis and its complications.
Recently, the albumin-to-bilirubin (ALBI) score has emerged to evaluate severity of liver disease in hepatocellular carcinoma (HCC) [9] . The ALBI is a new and simple score, easily calculated at bedside without having to use subjective determinants such as ascites and encephalopathy. Its prognostic role in various liver diseases has recently been validated in several studies where it was found to be superior to CTP and MELD in assessing severity of liver disease especially in HBV-related cirrhosis [10] [11] [12] [13] .
Aim
This study aimed to determine the ability of ALBI score to predict mortality in cirrhosis, and its associated complication of SBP and compared its prognostic proficiency to that of MELD and CTP in our study population.
Material and methods

Patients
This was a retrospective study where institutional review board approval was sought prior to commencement of the study. All confirmed cases of cirrhosis aged ≥ 18 years of either sex, admitted to the department of medicine of Civil Hospital Karachi from April 2014 to August 2017 were enrolled in the study. For assessing and comparing the prognostic capability of ALBI to other scoring systems both compensated and decompensated liver cirrhosis (severity ranging from CTP class A to C) cases were included. Regardless of previous direct acting anti-viral or Interferon based treatment, all patients with viral C hepatitis related cirrhosis were included in the study. Patients less than 18 years of age, those having comorbidities such as diabetes, renal disease, ischemic heart disease, etc., and those who left against medical advice were excluded from the study. Any case with incomplete information was also excluded. Demographic profiles including aetiology, clinical characteristics, liver chemistries and other biochemical details of patients were also retrieved. A total of 1254 patients were included in our study after a careful examination of each case per the above-mentioned criteria. The patients included had a minimum hospital stay of 3 days up to a maximum stay of 21 days.
Cirrhosis
Cirrhosis was identified based on clinical, radiological (ultrasonography or computed tomography) and biochemical parameters. Small shrunken liver and intra-abdominal varices with or without splenomegaly are important radiological parameters for cirrhosis. Liver cirrhosis was also proven on a histopathological basis, wherever required [14] .
Spontaneous bacterial peritonitis (SBP)
Patients with cirrhosis were confirmed to have a diagnosis of spontaneous bacterial peritonitis when an ascitic fluid showed absolute polymorphonuclear leukocyte (PMN) count of at least 250 cells/mm 3 (0.25 × 10 9 /l) and a positive ascitic fluid bacterial culture without an intra-abdominal surgically treatable source of infection [15] . Cirrhosis was assessed and staged for its severity in accordance with the Child-Pugh classification.
Hepatocellular carcinoma
The HCC was confirmed among cirrhotics with the help of advanced imaging either by three-phase computed tomography (CT) scan or magnetic resonance imaging (MRI). Alternatively HCC was also confirmed on CT scan/MRI by having contrast hyperenhancement in the arterial phase (wash-in) and hypoenhancement in the portal venous and/or delayed phases of acquisition (wash-out) among patients with liver cirrhosis with or without histopathological evidence) [16] .
Portal vein thrombosis (PVT)
Non-malignant portal vein thrombosis was diagnosed by Doppler ultrasound with findings of hyperechoic material within the vessel lumen, lack of flow, and no evidence of dilatation of portal vein [17] . Further confirmation in terms of thrombus extent was made on contrast enhanced CT or MRI. Malignant portal vein thrombosis was confirmed through triphasic CT scan using criteria described by Shah et al. [18] .
Prognostic scoring system
Child-Turcotte-Pugh (CTP) scoring
The score makes use of five clinical parameters (serum albumin, prothrombin time, ascites, hepatic encephalopathy and total bilirubin) related to chronic liver disease. Each parameter is scored 1-3, where a score of 3 designates the worst stage. The score ranges from 5 to 15 and is divided into three classes with CTP-A being a score from 5 to 6, CTP-B ranging from 7 to 9, and CTP -C having a range of 10 to 15.
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Model for End stage Liver Disease (MELD) scoring
The MELD is another prognostic scoring system to determine severity of cirrhosis. MELD uses laboratory parameters (serum bilirubin, serum creatinine, and the international normalized ratio ( 
Albumin-bilirubin (ALBI) score
The ALBI score is a recently developed prognostic model for assessment of severity in liver disease. It is much simpler and objective. It was calculated using the following formula [9] : ALBI score = -0.085 × (serum albumin g/l) + 0.66 × lg (serum bilirubin μmol/l).
Statistical analysis
Means with standard deviations (SD) and medians with interquartile ranges (IQR) were determined for the continuous variables and analyzed. The categorical variables were reported as frequencies with percentages. As tests of significance, the Pearson c 2 test was used for categorical data, and independent sample t-test and Mann-Whitney U test were used for continuous data as appropriate. The diagnostic accuracy of CTP, MELD and ALBI scores for mortality in hospitalized patients was determined by receiver operating characteristic curve (ROC) analysis. The areas under the ROC curve were calculated, with confidence intervals (CI) of 95%. The best cut-off values were ascertained with the greatest specificity and sensitivity. Differences between the prognostic abilities of the three tests were compared using the Delong test. We used SPSS v.20 for data entry and analysis.
Results
Baseline characteristics
We included 1254 patients with chronic liver disease (CLD) who had a complete record in our system. As summarised in Table I , the mean age of our study population was 44.1 ±11 years, with the majority of them being male (n = 976, 77.8%). More than three-quarters of the patients (n = 948, 75.6%) had hepatitis C virus (HCV) infection followed by hepatitis B virus (HBV) (n = 188, 15%), while the remainder had non-viral aetiology with autoimmune-related cirrhosis being the most common (n = 38, 3.0%). The most frequent causes of admission were hepatic encephalopathy (n = 1080, 86.1%) and ascites (n = 1068, 85.1%), respectively.
The overall mortality in our population was of 25.5%. We divided our population into surviving (n = 934, 74.5%) and non-surviving groups (n = 320, 25.5%) and compared their clinical characteristics. The non-sur- Gastroenterology Review 2019; 14 (4) viving patients were found to have a significantly higher TLC, serum creatinine, serum bilirubin and INR (p < 0.001). However, serum albumin was found to be much lower in the non-survivors (p < 0.001). The CTP, MELD and ALBI scores were also detected to be significantly higher in the non-survivors, as shown in Table II .
Predictors of mortality in CLD
This study evaluated the in-hospital mortality of CLD using ROC analyses for CTP, MELD and ALBI (Figure 1) . The median CTP score was found to be 10.2 (IQR = 3), which corresponds with Class C of the score. The AUC was calculated to be 0.842 (95% CI: 0.817-0.868, p < 0.001) with the best cut-off value at 11.05 having sensitivity of 75.0% and specificity of 79.2%, respectively. The median MELD score came out at 20.9 (IQR = 7.2) and the AUC was 0.836 (95% CI: 0.810-0.863, p < 0.001). The best cut-off value was 22.9 with a sensitivity of 76.6% and specificity of 76.7%.
The median ALBI score was -1.1 (IQR = 1.0), and it was found to be much higher in the non-survivors (median ALBI of -0.4 with IQR = 0.5) than the survivors (median ALBI of -1.3, IQR = 0.9). The AUC of ALBI was the largest among the three at 0.852 (95% CI: -0.826 -0.879, p < 0.001), having the best cut-off value at -0.832 with both sensitivity and specificity standing at 78.1%. The difference between the three AUCs was not statistically significant (CTP-MELD, p = 0.855; CTP-ALBI, p = 0.234; MELD-ALBI, p = 0.420).
We also performed the ROC analyses in the subgroup of patients having non-viral causes of CLD (n = 118, 9.4%), comparing the prognostic abilities of the three scores (Figure 2) . The AUC values of CTP, MELD and ALBI were 0.816 (95% CI: 0.737-0.896, p < 0.001), 0.704 (95% CI: 0.604-0.805, p < 0.001) and 0.873 (95% CI: 0.809-0.937, p < 0.001), respectively. The best cut-off values were found to be 10.9 (sensitivity = 79.2%, specificity = 67.1%) for CTP, 22.6 (sensitivity = 70.8%, specificity = 65.7%) for MELD and 0.958 (sensitivity = 83.3%, specificity = 74.3%) for ALBI. The AUC of ALBI came out to be significantly larger than that of MELD (p = 0.013), while it was similar to CTP (p = 0.067). There was also no difference between AUCs of CTP and MELD (p = 0.092).
Analysis of patients presenting with complication of SBP
We had 426 patients presenting with SBP. Among these, the majority had a viral cause of CLD (n = 367, 86.2%) and 14.3% (n = 61) died during their hospital stay. The baseline characteristics of surviving and non-surviving groups are summarised in Table III . No difference was found in the ascitic fluid analysis, with almost the same count of PMN and similar ascitic albumin levels in both the groups. However, serum creatinine and bilirubin levels were higher in non-survivors (p < 0.001), while serum albumin was significantly lower in this group (p < 0.001). All the three prognostic scores were higher in the non-survivors and to compare their relative efficiencies in predicting in-hospital mortality in SBP, we performed ROC analysis. As shown in Figure 3 Gastroenterology Review 2019; 14 (4) respectively. The best cut-off value for CTP was 11.5 (sensitivity = 78.7%, specificity = 87.4%). MELD had the best cut-off value at 22.0 (sensitivity = 70.5%, specificity = 79.7%), while for ALBI it was -0.616 (sensitivity = 83.6%, specificity = 84.9%). The AUCs of CTP and ALBI were found to be significantly larger than those of MELD (CTP-MELD, p = 0.013; MELD-ALBI, p = 0.006), but there was no statistical significance for the comparison of CTP versus ALBI (p = 0.196).
Analysis of patients presenting with complication of HCC
A total of 186 patients presented with HCC. More than half of these had HCV infection (n = 105, 56.5%) and approximately two-thirds (n = 125, 67.2) died during the hospital stay. The ROC analysis done to predict in-hospital mortality revealed similar results, with no significant differences among the three scores. As depicted in Figure 4 , the AUC for CTP was 0.750 (95% CI: 0.678-0.823, p < 0.001) with the best cut-off value at 11.4 (sensitivity = 78.4%, specificity = 62.3%). For MELD, the AUC was 0.770 (95% CI: 0.701-0.839, p < 0.001) and the best cut-off value was 22.1 (sensitivity = 74.4%, specificity = 65.6%). The ALBI score had an AUC of 0.780 (95% CI: -0.710 -0.849, p < 0.001) with the best cut-off value at -0.565 (sensitivity = 72.8%, specificity = 67.2%). Gastroenterology Review 2019; 14 (4)
Discussion
The majority of patients (77.8%) in this study were male; this male predominance is similar to an earlier study [14] . Mean age of 44.1 ±11 years among our patient population is in accordance with earlier published studies. Viral-related aetiology, hepatitis C (75.6%) and hepatitis B (15%) dominate in this study, which is comparable to previously published studies [14, 19] . The overall mortality of 25.5% in our study group was congruent with the mortality rate of CLD patients of a previous study conducted by Naqvi et al. in the same hospital [20] .
Currently CTP and MELD are the most commonly used prognostic models for assessing liver dysfunction, and several studies have been conducted to compare their prognostic efficiencies [21] . Recently the CTP score was found to be suitable for prediction of possible blood loss during transplantation of the liver [22] . With highly subjective assessment of ascites and encephalopathy by the scorer, the predictive accuracy of CTP may be variable [23] . Although MELD has been used as a standard tool for liver transplantation donor allocation and assessing 3-to 6-month survival in liver failure patients [24, 25] , it has failed to accurately predict survival in 15% to 20% of patients [26] . Furthermore, both these scoring systems have limited diagnostic accuracy in conditions associated with liver cirrhosis such as hepato-renal syndrome, ascites, SBP, bleeding etc. In a recent study by Hassan et al., CTP and MELD were found to have shortcomings in accurately predicting in-hospital mortality of SBP patients [27] .
On the other hand, ALBI has been a novel development in analysing mortality of liver failure in hepatocellular carcinoma [9] . It is a simple score, making use of serum albumin and total bilirubin as prognostic markers in liver dysfunction. Many studies have shown ALBI to have higher predictive power than CTP and MELD [28, 29] . In this study, however, ALBI had just as good prognostic efficacy of mortality associated with hepatocellular carcinoma in cirrhosis (p < 0.001) as MELD and CTP scores. This contrasts with earlier studies where ALBI was found to be superior to CTP and MELD [9, 30] . Studies have also been undertaken to evaluate prognostic efficiency of ALBI in other liver diseases [10] [11] [12] [13] . Shao et al. found ALBI to be an equally significant score of mortality in cirrhosis as MELD and CTP [31] . Chen et al. concluded ALBI to be superior to CTP and MELD in assessing HBV-associated cirrhosis [10] .
This study found that non-surviving patients had a much higher ALBI score than the survivors and showed ALBI to be a good predictor of in-hospital mortality of liver cirrhosis (p < 0.001) with similar efficiency as MELD and CTP. Predictive ability of ALBI in a non-viral aetiology of cirrhosis such as autoimmune hepatitis, however, was significantly higher than MELD (p = 0.013). This indicates serum albumin and total bilirubin to have important prognostic implications and ALBI to be an effective alternative in assessing severity of chronic liver diseases of various non-viral aetiologies as well. Among subsets of the patient population, spontaneous bacterial peritonitis (SBP) and HCC were also analysed in this study. Both CTP (p = 0.013) and ALBI (p = 0.006) were found to be superior predictors of mortality in SBP compared to MELD. Non-surviving patients with SBP had a similar ascitic fluid PMN count and ascitic fluid albumin, but a much higher serum creatinine and total bilirubin and significantly lower serum albumin (p < 0.001). Therefore, these biomarkers seem to be important players in progression of complications of liver cirrhosis and should be further studied in relation to prognosis of SBP and other complications.
Albumin is synthesized by the liver, and low serum albumin is especially pivotal in mortality associated with liver failure. Albumin has known benefits in management of cirrhosis and diseases related to it [32] . In this study, albumin was found to be consistently low in non-surviving patients across all subgroups. This might explain a stronger prognostic ability of CTP and ALBI than MELD in our subgroups of patients with SBP and non-viral aetiology, as these two make use of serum albumin in their diagnostic method. Perhaps addition of albumin to the diagnostic criteria of MELD may further strengthen the prognostication power of the score.
Our study had several limitations. First, it was a retrospective study causing a bias in patient selection and limited availability of data. Secondly, the sample size of the subgroup of non-viral aetiology was small and further studies with a larger sample should be conducted to validate the findings. Third, we based our study on a single value of ALBI. A more dynamic assessment of ALBI should be made throughout the hospital course of patients to better understand the role of ALBI in assessing severity of liver cirrhosis.
Conclusions
The ALBI is a simple prognostic test that can be calculated at bedside using only two biomarkers that are readily available in routine blood tests. This can help clinicians in faster medical decision making and greatly improve patient outcome. Its strong objective prognostication and easy utilization make it a useful alternative to MELD and CTP, and therefore its application should be widely fostered in our clinical practice. More prospective studies with larger cohorts across multiple tertiary hospitals should be conducted to validate the prognostic value of ALBI in cirrhosis and its wide array of complications.
